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CONTACT FOR REAGENTS AND RESOURCE SHARING
Further information and requests for reagents may be directed to Pascal Meier (pmeier@icr.ac.uk).
Plasmids
The MIB2 cDNA (kind gift from Vanessa Redecke) was altered by mutagenesis to correspond to Q96AX9-2 -MIB2_human (UniProt). All constructs used for transient transfection experiments were cloned into pcDNA3 mammalian expression vector (Invitrogen) and sequence verified. For generation of stable cell lines Lentiviral tet-On inducible vector pTRB3A1 was used and cells were selected in the presence of Blasticidin.
RNA Interference, Transfections and Infections
Unless otherwise indicated, all siRNA assays were performed using a total of 50 nM -100 nM of siRNA. When multiple siRNAs were combined, each siRNA was used at 25 nM and control siRNA was used where required to balance siRNA concentrations so equal amounts were transfected. All siRNA transfections unless otherwise stated were performed using DharmaFECT4 transfection reagent Generation of lentiviral particles was conducted as described previously (Vince et al., 2008; Vince et al., 2007) .
Caspase-8 Cleavage Assays
Cells were seeded in 6-well plates and treated as indicated. Cells were lysed in 200 μl of DISC lysis buffer supplemented with 2% SDS, protease and phosphatase inhibitors. Cell lysates were passed through 0.8 ml columns (Pierce) to shred genomic DNA. Proteins lysates were quantified before separating samples by SDS-PAGE using NuPAGE Novex 4-12% Bis-Tris 1.0 mm 12 well precast protein gels (Invitrogen) in MES buffer. Caspase-8 cleavage antibody [AF1650] (R&D) was used to detect cleavage products.
Cell Death (FACS) and MTT assays
Cells were plated in 96-well plates and retro siRNA transfection was performed for 40 hrs. Cells were treated as indicated in 150 μl for indicated times. Medium containing dead cells was transferred to a round bottom 96 well plate, live cells were trypsinized in 50 μl, live cells were harvested with 100 μl of medium containing 1 μg/ml PI with 2.5 mM CaCl2 and 2.5 μl/ml AnnexinV antibody (BD Biosciences) and combined with dead cells (total volume 300 μl). 96-well plate was analyzed by FACS using a plate Hoechst (0.5 μg/ml) and PI (1 μg/ml) were added and the percentage of dead cells was measured using the CeligoS image cytometer (Nexcelon Bioscience). For MTT assays 5x10 4 cells were seeded in 24-well plates. Cells were treated as indicated in 500 μl for indicated times, after which 50 μl of MTT reagent re-suspended in H20 to a concentration of 5 mg/ml was added to the cells and left to develop for 2 hrs. Media was removed and 500 μl DMSO added to solubilize the crystals. Absorbance was read on a spectrometer at 570 nm.
Crystal Violet Cell Survival Assays
Cells were seeded in a 6-well plate. The following day the indicated treatments were added in 2 ml of DMEM and the cells were left for 24 hrs in treated medium. Cells were fixed in 3.7%
formaldehyde/PBS for 10 mins and stained with crystal violet/PBS for 10 mins. Colonies were either dissolved in 1 ml of 10% acetic acid and the absorbance read on a spectrometer at 595 nm.
Clonogenic Assays
Cells were seeded in a 6-well plate and retro siRNA transfection was performed. After 40 hrs or 64 hrs (Kym1) cells were trypsinized, counted and 1000 viable cells were re-plated into a 6-well plate. The following day the indicated treatments were added in 2 ml of DMEM and the cells were left for approximately 9 days in treated medium. Cells were fixed in 3.7 % formaldehyde/PBS for 10 mins and stained with crystal violet/PBS for 10 mins. Colonies were either dissolved in 1 ml of 10% acetic acid and the absorbance read on a spectrometer at 595 nm, or the colonies were counted and recorded using Image J.
Caspase activity assays (DEVDase)
DEVDase assay was performed as previously described (Jaco et al., 2017) . In brief, cells were plated in 96-well plates and retro siRNA transfection was performed for 40 hrs. After treatment, medium was removed and 1 % DISC lysis buffer (20 mM Tris-HCL pH7.5, 150 mM NaCl, 2 mM EDTA, 1 % Triton X-100, 10 % Glycerol, H20) was added to each well. Plates were placed at -80 °C to aid cell lysis. Plates were thawed at room temperature for 15 mins, after which DEVDase assay mix was added to each well (NB: cell lysates were not cleared). The plates were wrapped in foil and the reaction was incubated at room temperature for up to 24 hrs. DEVDase activity was read at 380 nM excitation/460 nM emission.
TUBE Assays
Cells were lysed in DISC lysis buffer (20 mM Tris-HCL pH7.5, 150 mM NaCl, 2mM EDTA, 1%
Triton X-100, 10% Glycerol, H20) supplemented with protease inhibitors, 1 mM DTT, PR619 (10 μM),
GST-TUBE (50 μg/ml; 50 μg TUBE/mg protein lysate). Cell lysates were rotated at 4 °C for 20 mins then clarified at 4 °C at 14,000 rpm for 10 mins. 20 μl GST beads were added and immunoprecipitation was performed overnight. 4x washes in wash buffer (50 mM Tris pH 7.5, 150 mM NaCl, 0.1 % Triton X-100, and 5 % glycerol) + PR619 (10 μM) were performed, and samples eluted by boiling in 50 μl 1x SDS loading dye.
Homology Modeling
A homology model of human RIPK1 Death Domain (DD, 583-669) was generated by the SWISS-MODEL server using PIDD DD structure as the template (PDB code 2OF5). Then modeled RIPK1 DD structure was aligned to FAS DD in FAS/FADD complex structure (PDB code 3OQ9) to form a RIPK1 DD/FADD DD complex structure. The alignment was performed by Coot and figures were made by PyMol.
Complex-I/II Purification
Complex-I/II purification was essentially performed as previously described (Jaco et al., 2017) . In brief, cells were seeded in 15 cm dishes and treated as indicated using pre-warmed media containing 3xFLAG-hTNF (0.8 μg/ml). After stimulation media was removed and plates were washed with ice cold PBS to stop stimulation and frozen at -80 °C. Plates were thawed and cells were lysed in DISC lysis buffer supplemented with protease inhibitors and PR619 (10 μM). Cell lysates were rotated at 4 °C for 20 mins then clarified at 4 °C at 14,000 rpm for 10 mins. 20 μl of anti-FLAG M2 beads (SIGMA) were rotated with cleared protein lysates overnight at 4 °C. 0 hr sample: 0.8 μg/ml of FLAG-TNF was added post-lysis. 4x washes in DISC buffer with PR619 (10 μM) were performed, and samples eluted by boiling in 50 μl 1x SDS loading dye. For complex-II purification cells were seeded in 10 cm dishes and treated as indicated in figure legends. Cells were lysed on ice as above. Cell lysates were rotated at 4 °C for 20 mins then clarified at 4 o C at 14,000 rpm for 10 mins. 20 μl of protein G sepharose (SIGMA) with Caspase-8 (C20) antibody (Santa Cruz Biotechnology) (1.5 μg antibody/mg protein lysate) were rotated with cleared protein lysates overnight at 4 °C. 4x washes in wash buffer (50 mM Tris pH 7.5, 150 mM NaCl, 0.1% Triton X-100, and 5% glycerol) were performed, and samples eluted by boiling in 50 μl 1x SDS loading dye. °C. 4x washes in wash buffer (50 mM Tris pH 7.5, 150 mM NaCl, 0.1% Triton X-100, and 5% glycerol) supplemented with PR619 (10 μM) were performed, and samples eluted by boiling in 50 μl 1x SDS loading dye.
In vitro Binding and Ubiquitylation Assay
All constructs for in vitro translation assays were cloned into pcDNA3 and translated using the Promega TNT Coupled Reticulocyte Lysate System. For production of GST-tagged proteins, MIB2
constructs were expressed from pGEX6p-1 in BL21(DE3)/pLysS strain and purified with GST beads. 
UbiCRest
The UbiCRest analysis with linkage selective DUBs was performed essentially as previously described (Hospenthal et al., 2015) . Briefly, the release fraction (see above) was incubated with the following DUBs: 1 μM OTULIN, 0.2 μM OTUD1, 1 μM CEZANNE, 0.2 μM OTUB1, 1.5 μM USP21, 0.5 μM vOTU. The reaction was conducted in the presence of 1 mM DTT for 30 min at 37 °C. Reactions were stopped with loading buffer, and the ubiquitylation status analyzed by western blotting.
Proximity Ligation Assay
PLA was performed according to the manufacturer's protocol using the Duolink Detection Kit (SIGMA). Cells were examined with a confocal microscope (objective x 40, Zeiss LSM 710).
Directed Yeast Two-Hybrid Assays
The yeast strain Y2HGold (Clontech) was co-transformed with pGBT9-MIB2 (encoding amino acids 843-1000) as a bait and the respective prey plasmids encoding 22 human E2s and 6 human Ubconjugating E2 variants. Positive transformants were selected on minimal SD-Leu-Trp medium (Formedium). Three single colonies for each bait and prey co-transformation were patched out on fresh SD-Leu-Trp plates and grown for 2 days at 30 °C. Each patch was re-suspended in 180 μl of sterile water in a 96 well plate and plated in replicate onto non-selective (SD-Leu-Trp) or selective medium (SD-Leu-Trp-His, containing 5 mM of 3-amino-1,2,4-triazole (3-AT, Formedium)). Yeasts were incubated at 30ºC for 1 week. The E2s/UEVs library was kindly provided by Rachel Klevit.
qRT-PCR
qRT-PCR was performed as previously described (Morris et al., 2016) , with some modifications.
MDA-MB-231 parental and MIB1/2 DKO were treated with TNF (10 ng/ml) for 3 hrs and immediately frozen. qRT-PCR was performed using Taqman gene expression mastermix (Thermo Fisher Scientific) and the QuantStudio 6 Flex Real-Time PCR System. The amount of mRNA detected was normalized to control ACTIN mRNA values. The relative ΔCt sample/ΔCtr Actin ratios of WT controls were set at 100%, and the fold differences were calculated using the ΔΔCt method.
Mass Spectrometry
Prior to mass spectrometry analysis of RIPK1 interactors, eluted protein complexes were digested with Trypsin and peptides were purified using C18 Microspin columns (Harvard Apparatus) according to the manufactures instruction. LC-MS/MS analysis was performed on a dual pressure LTQ-Orbitrap mass spectrometer (Thermo Scientific), which was connected to an electrospray ion source (Thermo Scientific). Peptide separation was carried out using an easy nano-LC systems (Proxeon Biosystems)
equipped with an RP-HPLC column packed with C18 resin (Magic C18 AQ 3 μm; Michrom BioResources). A 0.3 μl/min linear gradient from 96 % solvent A (0.15 % formic acid, 2 % acetonitrile) and 4 % solvent B (98 % acetonitrile, 0.15 % formic acid) to 40 % solvent B over 40 min.
The data acquisition mode was set to obtain one high-resolution MS scan in the FT part of the mass spectrometer at a resolution of 60,000 FWHM followed by MS/MS scans in the linear ion trap of the 20 most intense ions. Raw files were converted to the mzXML format, and searched against the human swissprot protein database. Further data processing including SAINT was carried out as described previously (Choi et al., 2011) . For the identification of ubiquitylated sites on RIPK1 by MIB2, 293T cells were transfected with 3xHA-RIPK1, MIB2 and Ub or 3xHA-RIPK1, MIB2F>A and Ub for 48
hrs. After lysis with DISC lysis buffer in the presence of protease inhibitors and PR619, HA affinity purification was performed. Bound complexes were eluted with 5 % formic acid and then submitted for analysis by LC-MS/MS using a tryptic digestion workflow. Specific accurate mass (+/-10 ppm) and retention time (AMRT) profiles were determined for the peptides of interest, accounting for the following variable modification states: unmodified and diGly-modification of lysine. Additionally, the sum value of four RIPK1 peptides was calculated relative to the data from the RIPK1 sample. The four peptides were selected as proxies to indicate the level of RIPK1 in the two samples. LC-MS/MS analysis of ubiquitylated peptides was performed after immuno-precipitation. Elutes were dried in vacuo and reconstituted in 50 mM triethylammonium bicarbonate. Samples were then reduced with 5 mM tris(2-carboxyethyl)phosphine, free cysteines were alkylated with 10 mM chloroacetamide or chloroacetic acid and protein was digested with trypsin. For the targeted analysis of residue K377, a second digestion was performed using endoproteinase Glu-C. The resulting peptides were analysed by direct injection on an Agilent 1200 nanoLC (Agilent Technologies) in-line with an LTQ Velos Orbitrap mass spectrometer (Thermofisher Scientific) with the following modifications: Peptides were resolved over 30 mins using a linear gradient of 96:4 to 50:50 buffer A:B (buffer A: 1% acetonitrile/3 % dimethyl sulfoxide/0.1 % formic acid; buffer B: 80 % acetonitrile/3 % dimethyl sulfoxide/0.1 % formic acid) at 250 nL/min. The ion at 401.922718 m/z was used for FT-MS internal lock mass calibration.
Peak lists were extracted using Proteome Discoverer v1.4 and interrogated using Mascot v2.3 against
